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BACKGROUND. Analysis conducted in the Life Span Study (LSS) cohort of atomic

bomb survivors in Hiroshima and Nagasaki found a significant dose-related excess

of tumors of the central nervous system (CNS) and the pituitary gland. The

objective of the current study was to evaluate clinical and epidemiologic charac-

teristics of first primary tumors of the CNS and the pituitary gland in this cohort

and to compare them with characteristics among other populations.

METHODS. CNS and pituitary gland tumors that were diagnosed between 1958 and

1995 among 80,160 LSS cohort members were ascertained through Hiroshima and

Nagasaki tumor registries, autopsy reports, and other sources. Pathologists reviewed

all available records and slides to verify histologic diagnoses. Poisson regression

analysis was used to model background incidence rates allowing for radiation effects.

RESULTS. Meningioma was the most common tumor among clinically diagnosed

tumors, followed by neuroepithelial tumor, schwannoma, and pituitary tumor. The

overall incidence of these tumors increased initially with age but declined among the

elderly. For all age groups and for both genders, incidence increased over time. By

contrast, when tumors diagnosed at autopsy were included, incidence rose continu-

ously with age and was stable over time.

CONCLUSIONS. The main characteristics of CNS and pituitary gland tumors diag-

nosed in the LSS cohort were consistent with the characteristics of “spontaneous”

tumors observed in other population-based studies. The predominance of menin-

giomas over neuroepithelial tumors in the Japanese population was noteworthy

and warrants further investigation. The secular rise in incidence of all clinically

diagnosed CNS and pituitary gland tumors is most likely to be attributable to the

increased use of new imaging techniques. Cancer 2004;101:1644 –54.

Published 2004 by the American Cancer Society.*

KEYWORDS: Japan, epidemiology, atomic warfare, longitudinal study, central ner-
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Ionizing radiation is one of the few established causes of neural
tumors.1– 4 The evidence is especially convincing for children who

are treated with low-to-moderate doses of radiation for a variety of
benign conditions of the head and neck5–9 or with high doses of
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radiation for first primary malignancies, particularly
acute lymphoblastic leukemia.10 An analysis based on
the Life Span Study (LSS) cohort of atomic bomb
survivors in Hiroshima and Nagasaki found a signifi-
cant dose-related excess of tumors of the central ner-
vous system (CNS), cranial and spinal nerves, and
pituitary gland combined (excess relative risk per sie-
vert [Sv] [ERRSv] � 1.2; 95% confidence interval, 0.6 –
2.1).11 Greater than 50% of the cohort members were
age � 20 years at the time of exposure, and only 3%
had estimated brain doses in excess of 1 Sv. In addi-
tion, the dose response was significant when the anal-
ysis was limited to the cohort members who received
brain doses � 1 Sv; thus, these results add to the
evidence of effects of low-dose ionizing radiation on
the adult CNS. Given the dose distribution in this
cohort, it was estimated that � 36 of 263 (14%) first
primary tumors of the CNS and the pituitary gland
could be attributed to radiation exposure.11 Therefore,
it may be expected that the majority of the observed
tumors will have the characteristics of “spontaneous”
tumors.

Epidemiologic data concerning brain tumors in
Japan are limited.12,13 The overall incidence of brain
tumors, particularly malignant tumors, is low, around
2 per 100,000 population (age-standardized to the
world population), compared with 6 – 8 per 100,000
population in North America and Europe.14 In addi-
tion, the distribution of major histologic subtypes is
different.12,13 However, the reasons for these differ-
ences are unknown. The main objective of the current
report was to provide descriptive information on clin-
ical and pathologic characteristics and epidemiology
of the CNS and pituitary gland tumors diagnosed
within the LSS cohort and to compare them with other
populations.

MATERIALS AND METHODS
Tumor Ascertainment
Tumors were ascertained within the full LSS cohort of
atomic bomb survivors from Hiroshima and Na-
gasaki.11 Establishment of the LSS cohort and its char-
acteristics has been described elsewhere.15 The cur-
rent analysis was limited to a subcohort of 80,160 LSS
members who were in Hiroshima and Nagasaki at the
time of the atomic bombings, for whom organ dose
estimates could be computed, and who were alive and
not known to have cancer when population-based
tumor registries in Hiroshima and Nagasaki were es-
tablished (January 1, 1957, and January 1, 1958, re-
spectively).16,17

Tumors initially were identified through Hiro-
shima and Nagasaki tumor registries and supple-
mented with information and tissue slides obtained

from pathology-based tissue registries for histologi-
cally diagnosed malignant and benign tumors (since
1973); relevant autopsy, surgical, and other clinical
records of the Radiation Effects Research Foundation
(RERF) and major medical institutions in Hiroshima
and Nagasaki; and death certificates. The autopsy pro-
gram conducted at RERF strived to enhance ascertain-
ment of tumors and was particularly active from the
late 1950s through 1977.18 The selection of potential
tumors was not limited to tumors of the CNS, includ-
ing the brain and spinal cord, but also included tu-
mors in neighboring organs, such as the cranial and
spinal nerves, the pituitary gland, sellar and parasellar
regions, and the pineal gland. The date of diagnosis
was taken as the date when the patient first saw a
physician to receive medical treatment as a result of
symptoms, the date when the patient first was diag-
nosed by a physician despite being free from symp-
toms, or the date of death for tumors identified at
autopsy. Clinical information of interest, including
symptoms around the time of diagnosis, tumor loca-
tion, size, and use of imaging techniques (computed
tomography [CT] or magnetic resonance imaging
[MRI]), was abstracted from individual records ar-
chived on all the patients at RERF. Information re-
garding tumor laterality and size was incomplete and
is not presented herein. Cases that were first discov-
ered postmortem are defined further as diagnosed
incidentally at autopsy; otherwise, these are consid-
ered clinically diagnosed, including 10 incidental find-
ings in asymptomatic patients during clinical exami-
nations for unrelated reasons.

Pathology Review
All materials, including tissue slides, pathology and
clinical records, and death certificates for all eligible
patients, were reviewed independently by four mem-
bers of a pathology panel.11 The pathology panel clas-
sified tumors by anatomic site (topography), histo-
logic type (morphology), and tumor behavior
according to World Health Organization (WHO) crite-
ria.19 In case of a discrepancy, the pathology panel
met again to reach consensus.

Radiation Terminology and Dose Estimation
Gray units (Gy) are used to refer to doses of radiation
in which no allowance is made for the biologic effec-
tiveness of different types of radiation. If allowance is
made for the different effectiveness of various types of
radiation, then the resulting dose equivalent is ex-
pressed using Sv. An absorbed dose of 1 Gy is equal to
100 rad, and 1 Sv is equal to 100 rem.

The estimation of radiation doses to the brain was
based on the DS86 dosimetry system.20 The current
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analysis cohort included 234 individuals with shielded
kerma estimates � 4 Gy. Because survival after such
exposures is implausible, shielded kerma estimates for
these survivors were truncated to 4 Gy with a propor-
tional reduction of the brain dose. Individual-
weighted brain doses (dose equivalents, Sv) were com-
puted as the sum of the �-ray dose plus 10 times the
neutron dose, allowing for the greater biologic effec-
tiveness of neutron radiation. The dose estimates in-
corporated a correction to reduce bias arising as a
result of random errors in individual dose estimates.21

Statistical Analysis
Population rates were computed using the AMFIT
program for Poisson regression of grouped survival
data.22 Person-years (PYs) of observation were com-
puted from January 1, 1958, until the date of diagnosis
of the tumor, the date of death, or December 31, 1995,
whichever occurred first. Because tumors diagnosed
outside the catchment area were excluded from the
analysis, PYs were adjusted for immigration and emi-
gration rates based on data of the Adult Health
Study.17 This adjustment reduced the total number of
PYs by approximately 15%, with larger reductions for
those who were exposed as children (20%) compared
with those who were exposed later in life (5%). In
addition, we limited our analysis to first primary tu-
mors of the CNS and pituitary gland, because a prior
malignancy or its treatment could increase the
chances of development or diagnosis of a subsequent
malignancy. Overall, 1,989,297 PYs were accumulated
(745,157 PYs in males and 1,244,140 PYs in females),
for a mean of approximately 25 years per person.

We modeled background incidence rates allowing
for radiation effect using the general excess relative
risk (ERR) model: �(s,a,t,b) * [1 � � (d)], in which
�(s,a,t,b) describes a background rate as a function of
gender (s), log-attained age (a1), or log-attained age
plus squared log-attained age (a2) for clinically diag-
nosed tumors (to allow for a downturn in incidence
among the elderly), calendar year (t1) or a stepwise
increase from 1975 to 1985 (t2), and birth cohort (b);
�(d) is a linear function for radiation dose response.
We used the model-adjusted incidence rate for a man
age 60 years in 1980 with a brain dose � 0 mSv as the
basic summary measure of baseline risks. Separate
analyses both including and excluding autopsy data
are presented. All reported P values are two-sided and
are based on likelihood ratio tests.

RESULTS
Four hundred sixty-seven primary tumors of the CNS
and pituitary gland in LSS cohort members were ac-
cepted by the pathology panel from the initial screen-

ing. We excluded 73 tumors in individuals who were
not in Hiroshima or Nagasaki at the time of the bomb-
ings, 35 individuals who did not have available organ
dose estimates, and 27 individuals who died or were
diagnosed before January 1, 1958. We also excluded 11
tumors that occurred in cohort members outside the
tumor registry catchment area and 58 tumors that
were diagnosed after first primary tumor(s). This re-
sulted in 263 tumors for inclusion in the current anal-
ysis.

Selected characteristics of first primary tumors of
the CNS and pituitary gland are presented in Table 1.
For the purpose of further analysis, we grouped tu-
mors in several categories: meningioma (n � 88 tu-
mors), schwannoma (n � 55 tumors), glioma and
other neuroepithelial tumors (n � 44 tumors), pitu-
itary tumors (n � 35 tumors), and miscellaneous tu-
mors (n � 41 tumors), which included not otherwise
specified (NOS) tumors (n � 27 tumors) without his-
tologic material or with incomplete records and a mix
of uncommon tumors (n � 14 tumors). The propor-
tion of histologic confirmation for all tumor types,
with the exception of miscellaneous tumors, was high
and ranged between 84% and 92% (Table 1). Because
of the heterogeneous nature of miscellaneous tumors
and the absence of histologic data for NOS tumors, we
do not emphasize findings for this group. However,
the group was included in all analyses that were based
on the total case series.

Clinical Characteristics of Tumors by Histologic Type
Meningiomas
The proportion of meningioma diagnosed incidentally
either at autopsy (36%) or at clinical examination
(11%) was second only to that for pituitary tumors,
reflecting the relatively benign nature of the majority
of meningiomas (Table 1). There were three (3%) ma-
lignant meningiomas (Table 1). All occurred in fe-
males and had a calvarial location; 2 patients were
individuals with a brain dose � 0 mSv, and 1 patient
had a brain dose � 800 mSv. The remaining histologic
types of meningioma were fibrous (34%), transitional/
mixed (32%), meningothelial (15%), and other (16%).
In addition, there were 3 double meningiomas (3%), 2
of which were diagnosed incidentally at autopsy (data
not shown). The ratio of calvarial to basal skull me-
ningiomas was 2.3:1.0 (Table 1). The convexity, partic-
ularly the parietal region (24%), was the most common
site of calvarial meningioma. Among the basal menin-
giomas, approximately 54% were within the sphenoid
region. A wide variety of symptoms were observed in
the patients with clinically diagnosed meningioma,
the most common of which were headache, motor
deficits, and dizziness (Table 1).

1646 CANCER October 1, 2004 / Volume 101 / Number 7



Schwannomas
Although the craniospinal nerve roots are considered
to be a part of the peripheral nervous system rather
than the CNS, we treated tumors arising from cranial
and spinal nerve roots along with the CNS tumors in
accordance with the WHO classification system.23 All
neoplasms in this group were benign schwannomas,
and none were associated with clinical neurofibroma-
tosis. Twenty-four percent of schwannomas were di-
agnosed first at autopsy (Table 1). All the cranial schw-
annomas were located within the cerebellopontine
angle area. The most prevalent symptoms at onset, as
expected, were hearing loss or tinnitus, followed by
sensory deficits, and gait disturbance (Table 1).
Among 22 spinal schwannomas, 15 were located be-
tween the cervical first and lumbar fifth spinal levels,
and the remaining 7 spinal schwannomas were within

the cauda equina. Gait disturbance was the most com-
mon symptom at the time of diagnosis, followed by
sensory and motor deficits.

Glioma and other neuroepithelial tumors
A relatively high percentage of neuroepithelial tumors
was diagnosed at autopsy (23%) (Table 1), despite the
aggressive nature of these tumors (6 of 10 tumors were
glioblastoma; 7 tumors were diagnosed before 1976 in
individuals age � 65 years). Overall, tumors of neuro-
epithelial origin were intracranial (Table 1), with the
exception of two spinal ependymomas and one spinal
neuroepithelioma. The most common subtypes were
glioblastoma (n � 13 tumors), followed by anaplastic
astrocytoma (n � 11 tumors). These tumors typically
were manifest by motor deficits or seizures (Table 1).

TABLE 1
Selected Clinical Characteristics of First Primary Tumors of the Central Nervous System and Pituitary Gland Identified in the Life Span Study
Cohort, 1958 –1995

Tumor type
No. of
tumors ICDO-2 codes

No. of tumors (%)

Tumor location
(no.)

Prevalence of clinical
symptoms (%)c

Reviewed by
pathology
panela

Diagnosed incidentally

Malignant
behavioraAt autopsya

During clinical
clinical examinationb

Meningioma 88 9530, 9531,
9532, 9533,
9534, 9537

81 (92) 32 (36) 6 (11) 3 (3) Cranial (88):
calvarial (61),
basal (26)
unknown (1)

Headache (38), motor
deficits (17), dizziness (10)

Schwannoma 55 9560 49 (89) 13 (24) 1 (2) Cranial (33):
acoustic (27),
other cranial (6)

Hearing loss/tinnitus (62),
sensory deficits (15), gait
disturbances (12)

Spinal (22):
C1–L5 level (15),
cauda equina (7)

Gait disturbances (38),
sensory deficits (12),
motor deficits (12)

Glioma and other
neuroepithelial
tumors

44 9384, 9400,
9401, 9411,
9380, 9382,
9390, 9392,
9394, 9440,
9442, 9451,
9503

37 (84) 10 (23) 1 (3) 42 (95) Cranial (41),
spinal (3)

Motor deficits (45),
seizures (23), headache
(19)

Pituitary tumor 35 8140, 8270,
8280, 9350

30 (86) 17 (48) 2 (11) Pituitary gland (34),
craniopharyngeal
duct (1)

Motor deficits (14),
headache (8), visual
disturbances (57)

Miscellaneous tumor 41 13 (32) Cranial (35),
spinal (6)

Headache (31), hearing
loss/tinnitus (15), visual
disturbances (15)

NOS 27 8000 4 (10) 10 (24)
Other 14 9121, 9150,

9370, 9590
13 (93) 4 (28) 10 (71)

ICDO-2: International Classification of Diseases for Oncology (ICDO-2), second edition, 2000 (morphology codes); C1–L5: cervical vertebrae 1 through lumbar vertebrae 5; NOS: not otherwise specified.
a Relative to the overall number of tumors within the particular group.
b Relative to the number of clinically diagnosed tumors (excluding autopsy diagnoses) within the particular group.
c The top three of the most prevalent symptoms around the time of diagnosis for clinically diagnosed tumors.
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Pituitary tumors
There were 34 pituitary adenomas and 1 craniophar-
yngioma in the current study population. This group
had the largest proportion of tumors that were diag-
nosed incidentally, either at autopsy (48%) or at clin-
ical examination (11%) (Table 1). Among 18 clinically
diagnosed tumors, there were 4 functional adenomas
(2 prolactinomas, 1 plurihormonal adenoma, and 1
growth hormone adenoma) and 5 nonfunctional ade-
nomas; the remaining 9 tumors were not classified
according to immunohistochemical subtype because
of poor quality or inadequate preservation of tissue
specimens. The most common symptom at the time of
diagnosis was visual disturbance, reflecting the close
proximity of the pituitary gland to the optical chiasm.

Incidence Rates
Overall, 29% of tumors were identified incidentally at
autopsy. Figure 1 presents the distribution of 263 tu-
mors by calendar period and method of ascertain-
ment. It is evident that the early peak corresponds to
tumors that were identified by the autopsy program
(late 1950s through 1977). Because autopsy-diagnosed
tumors could influence the analysis of background
incidence rates, particularly with respect to age and
time trends, we present data both including (Table 2)
and excluding (Table 3) tumors that were identified at
autopsy.

Our previous analysis showed,11 and Tables 2 and
3 demonstrate, that the incidence rate of first primary
CNS and pituitary gland tumors increased with radi-
ation dose, overall and for clinically diagnosed tu-
mors; thus, throughout this article, we report model-
adjusted background incidence rates for individuals

with a brain dose � 0 mSv. In females, meningioma
was the most common clinically diagnosed tumor and
was observed 2.5 times more frequently than in males
(P � 0.004) (Table 3). It was followed by neuroepithe-
lial tumor, schwannoma, and pituitary tumor. In
males, the incidence of clinically diagnosed neuroep-
ithelial tumor was at least as frequent as meningioma
(Table 3). When clinically diagnosed and autopsy di-
agnosed tumors were considered together, the inci-
dence rate tended to increase continuously with at-
tained age for all tumor types combined (Table 2). By
contrast, the incidence of clinically diagnosed tumors
tended to decrease (meningioma, schwannoma, and
pituitary tumor) or flatten (glioma and other neuro-
epithelial tumors) among individuals age � 65 years,
resulting in a widening incidence gap with age in the
elderly (Table 3). Unlike all tumors combined (Table
2), clinically diagnosed tumors exhibited a strong sec-
ular trend irrespective of tumor type (Table 3). After
taking into account a calendar-period effect that was
included as a continuous variable in log-linear terms,
there was little evidence of a birth cohort effect on the
incidence rate of clinically diagnosed tumors of any
type (Table 3).

We took a closer look at secular trends in inci-
dence of clinically diagnosed tumors by gender and
attained age (Table 4). The 3 calendar periods— before
1976, 1976 –1985, and 1986 –1995—were chosen to cor-
respond roughly to the pre-CT era, the era of rapid
introduction of CT and MRI, and the era of routine use
of CT and MRI in neurologic practice. In both males
and females, the incidence rate during 1986 –1995 was
approximately 3.5 times greater than before 1976.
During the same period, the incidence rate in individ-

FIGURE 1. This charts illustrates the distribution of

first primary tumors of the central nervous system and

pituitary gland by calendar period and method of ascer-

tainment in the Life Span Study cohort, 1958–1995.

Dotted area: tumors that were diagnosed at autopsy;

slashed area: clinically diagnosed tumors.
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uals age � 50 years, ages 50 – 69 years, and age � 70
years increased by 5.2 times, 3.6 times, and 4.2 times,
respectively; and the incidence trends were not signif-
icantly different by age. Comparison of the incidence
of all clinically diagnosed first primary tumors of the
CNS and pituitary gland with the tumors for which
diagnosis involved CT or MRI in 5-year intervals (Fig.
2) clearly indicates that the rising use of CT or MRI
paralleled the overall increase in incidence. On the
same note, 10 of 187 clinically diagnosed tumors (Ta-
ble 1) were incidental findings, and 9 of those tumors
involved CT or MRI during the early 1990s. Additional
analyses aimed at describing a secular rise in inci-
dence in terms of a stepwise increase from 1975 to

1985 demonstrated that the model fit was no better
than that obtained using log-linear trend and that
there was little evidence for the residual birth-cohort
effect (data not shown).

DISCUSSION
The main objective of the current study was to evalu-
ate clinical and epidemiologic characteristics of first
primary tumors of the CNS and pituitary gland diag-
nosed in the LSS cohort of atomic bomb survivors.
Based on the low doses of most cohort members and
the estimated proportion of radiation-related tu-
mors,11 we anticipated that the CNS and pituitary
gland tumors would have characteristics resembling

TABLE 2
Adjusted Incidence Rates for All First Primary Tumors of the Central Nervous System and Pituitary Gland by Selected Characteristics in the Life
Span Study Cohort, 1958 –1995

Characteristic

Meningioma Schwannoma Gliomaa Pituitary Total

No. IR No. IR No. IR No. IR No. IR

Brain dose (mSv)
�5 35 2.5b 18 3.1 20 4.2 6 1.1 92 14.4
5–100 29 2.2 10 1.8 14 3.2 19 3.8 89 15.1
100–500 14 2.7 11 5.4 5 3.0 5 2.6 42 18.4
500–1000 5 3.4 7 11.9 2 4.2 2 3.6 17 26.1
� 1000 5 4.6 9 18.5 3 7.5 3 6.5 23 44.1
P valuec 0.07 �0.001 0.23 0.18 �0.001

Gender
Male 14 2.3d 23 2.5 21 3.5 16 2.3 94 14.5
Female 74 6.0 32 1.9 23 2.0 19 1.5 169 13.7
P value �0.001 0.36 0.08 0.21 �0.50

Attained age (yrs)
�35 0 0.0e 3 0.6 2 1.2 4 1.2 9 2.6
35–49 8 0.8 14 2.0 9 2.5 9 1.9 53 9.4
50–64 33 2.6 19 2.4 14 3.0 8 1.5 88 13.4
65–79 38 4.2 12 2.3 15 5.0 11 3.2 84 19.2
� 80 9 3.8 7 5.7 4 4.6 3 3.6 29 26.2
P value �0.001 0.009 0.03 0.01 �0.001

Calendar period (yr)
�1976 35 2.1f 28 2.5 17 2.6 18 2.5 119 13.6
1976–1985 21 1.9 14 2.4 12 3.4 8 2.1 65 13.0
1986–1995 32 2.9 13 2.5 15 4.8 9 2.6 79 16.7
P value 0.32 �0.50 0.006 �0.50 0.21

Year of birth
1936–1945 7 0.7g 13 2.1 9 2.2 5 1.1 41 7.8
1926–1935 20 1.9 13 1.8 12 3.0 11 2.4 60 10.9
1906–1925 26 1.7 13 1.6 16 3.7 7 1.3 75 11.1
� 1905 35 6.6 16 4.1 7 4.0 12 4.4 87 30.1
P value �0.001 0.007 0.07 0.01 �0.001

No.: the number of tumors; IR: adjusted incidence rate per 100,000 person-years.
a Includes glioma and other neuroepithelial tumor.
b Dose group-specific adjusted incidence rate for a male age 60 years in 1980.
c Test of homogeneity or trend, when appropriate.
d Gender-specific adjusted incidence rate for unexposed individual age 60 years in 1980.
e Age-specific, adjusted incidence rate for unexposed males in 1980.
f Calendar period-specific adjusted incidence rate for unexposed males age 60 years.
g Birth cohort-specific, adjusted incidence rate for unexposed males in 1908.
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those of “spontaneous” tumors. To make the data
comparable with those from other population-based
studies and to avoid potential biases when consider-
ing age and time trends, we emphasized findings con-
cerning clinically diagnosed tumors and compared
them with findings based on all tumors, including
those diagnosed incidentally at autopsy.

Tumor-Specific Findings
The distribution of main histologic types of clinically
diagnosed tumors of the CNS and pituitary gland in
the LSS cohort was similar to that observed in the

study of residents of Kumamoto prefecture, Japan,13

and estimates from the Brain Tumor Registry of Ja-
pan.12 Specifically, the most common tumor type was
meningioma, followed by tumors of neuroepithelial
origin. The predominance of meningioma that is ob-
served consistently in Japanese studies12,13 is notewor-
thy because tumors of neuroepithelial origin account
for the majority of all primary CNS tumors in North
America and Europe.14,24 –26

Similar to the LSS cohort, meningioma also was
the most common tumor type in an Israeli cohort of
patients who were treated with cranial radiation for

TABLE 3
Adjusted Incidence Rates of Clinically Diagnosed First Primary Tumors of the Central Nervous System and Pituitary Gland by Selected
Characteristics in the Life Span Study Cohort, 1958 –1995

Characteristic

Meningioma Schwannoma Gliomaa Pituitary Total

No. IR No. IR No. IR No. IR No. IR

Brain dose (mSv)
�5 22 2.4c 12 1.6 17 2.8 2 0.2 65 10.0
5–100 14 1.6 8 1.2 9 1.6 10 1.0 55 9.1
100–500 13 4.0 11 4.4 4 2.0 3 0.8 38 16.9
500–1000 4 4.1 3 4.1 1 1.7 1 1.0 10 15.3
� 1000 3 4.0 8 13.5 3 6.2 2 2.4 19 35.8
P valued 0.07 �0.001 0.19 0.15 �0.001

Gender
Male 10 2.2e 15 1.5 14 2.2 5 0.6 62 9.8
Female 46 5.5 27 1.6 20 1.8 13 1.0 125 11.3
P value 0.004 �0.50 �0.50 0.30 0.37

Attained age (yrs)
�35 0 0f 2 0.6 2 1.6 2 1.0 6 2.8
35–49 7 0.8 14 1.9 8 1.9 7 0.9 49 8.7
50–64 29 1.8 17 1.7 12 1.8 7 0.5 77 9.5
65–79 19 1.5 8 1.2 9 2.1 2 0.2 45 8.2
� 80 1 0.2 1 0.5 3 2.1 0 0 10 6.0
P value �0.001 0.41 �0.50 0.19 �0.001

Calendar period
�1976 5 0.5g 15 0.8 10 1.3 3 0.1 51 5.0
1976–1985 19 3.2 14 1.8 9 2.3 7 0.7 59 11.0
1986–1995 32 5.8 13 2.2 15 4.6 8 1.3 77 17.3
P value �0.001 0.004 �0.001 0.005 �0.001

Year of birth
1936–1945 7 0.6h 13 1.8 8 1.7 5 0.7 40 6.7
1926–1935 19 1.5 12 1.4 11 2.3 7 0.9 53 8.4
1906–1925 25 1.5 13 1.3 14 2.6 5 0.5 70 9.1
� 1905 5 1.2 4 0.9 1 0.5 1 0.3 24 8.6
P value �0.50 0.43 �0.50 0.17 0.34

No.: the number of tumors; IR: adjusted incidence rate per 100,000 person years.
a Includes glioma and other neuroepithelial tumor.
b Adjusted-incidence rate per 100,000 person years.
c Dose group-specific adjusted incidence rate for a male age 60 years in 1980.
d Test of homogeneity or trend, when appropriate.
e Gender-specific adjusted incidence rate for unexposed individuals age 60 years 1980.
f Age-specific adjusted incidence rate for unexposed males in 1980.
g Calendar period-specific adjusted incidence rate for unexposed males age 60 years.
h Birth cohort-specific adjusted incidence rate for unexposed males in 1980.
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tinea capitis during childhood.5 However, unlike “ra-
diation-induced” meningiomas found in exposed pa-
tients in the tinea capitis cohort, patients with clini-
cally diagnosed meningiomas in the LSS cohort had a
higher mean age at the time of diagnosis (61 years vs.
44 years27), although patients in the tinea capitis co-
hort were aged only between 18 – 62 years at time of
the latest analysis, had a lower ratio of calvarial-to-

basal meningioma (2.3:1.0 vs. 6.0:1.027), a lower pro-
portion of malignant meningiomas (3% vs. 14%28), a
lower proportion of multiple meningiomas (3% vs.
16%27), and a normal male-to-female incidence ratio
(1.0:2.5 compared with the reduced ratios reported by
Soffer et al. and Rubinstein et al.28,29); thus, the char-
acteristics of meningiomas in the LSS cohort more
closely resemble the characteristics of “spontaneous”

FIGURE 2. This chart illustrates the

secular trend in the incidence of all clin-

ically diagnosed first primary tumors of

the central nervous system and pituitary

gland in the Life Span Study cohort,

1958–1995, according to the calendar

period-specific adjusted incidence rate

for unexposed males age 60 years. Tri-

angles: tumors that were diagnosed with

the use of computed tomography or

magnetic resonance imaging; squares:

clinically diagnosed tumors. PY: person-

years.

TABLE 4
Case Counts and Adjusted Incidence Rates for All Clinically Diagnosed First Primary Tumors of the Central Nervous System and Pituitary Gland
by Gender, Age, and Calendar Period in the Life Span Study Cohort, 1958 –1995

Characteristic

Calendar period

IRR 95% CI

<1976 1976–1985 1986–1995

No. IR No. IR No. IR

Gender
Male 17 5.0a 19 10.8 26 17.4 3.4 1.84–6.45
Female 34 5.7 40 12.7 51 19.8 3.5 2.22–5.49
P valueb �0.50

Attained age (yrs)
� 49 22 2.5c 23 9.8 10 13.1 5.2 2.45–10.94
50–69 24 4.9 47 10.1 48 17.2 3.5 2.15–5.72
� 70 5 3.2 5 6.5 19 13.0 4.1 1.53–11.01
P valued 0.14

No.: the number of tumors; IR: adjusted incidence rate per 100,000 person-years; IRR: incidence rate ratio, the ratio of the 1985–1995 IR to the IR for 1958 –1975; 95% CI: 95% confidence interval.
a Gender-specific adjusted incidence rate for unexposed individuals age 60 years.
b Test of homogeneity of incidence trends.
c Age-specific adjusted incidence rate for unexposed males.
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tumors. All irradiated patients in the Israeli cohort
were age � 16 years at the time of exposure, had a
mean brain dose of approximately 1.5 Gy, and had the
highest dose within the brain at the front of the upper
plane.5

In agreement with the findings worldwide,14 the
most common type of clinically diagnosed neuroepi-
thelial tumor was found to be glioblastoma, followed
by anaplastic astrocytoma. These tumors usually were
cranial, tended to manifest with seizures, and were
more common in males than in females (although the
difference was not significant). It is interesting to note
that the incidence of clinically diagnosed neuroepi-
thelial tumors in this population did not change ap-
preciably with age. Our age-specific estimates of inci-
dence were based on small numbers; however, in
other population-based studies in Japan,12–14 it was
shown that the incidence of neuroepithelial tumors
increased with age, but much less rapidly than in
North America or Europe, resulting in overall lower
rates of neuroepithelial tumors among the Japanese.

In contrast to other studies of Japanese popula-
tions,12,13 the third most common type of neoplasm in
the current study cohort was schwannoma rather than
pituitary tumor. However, the difference in incidence
between the 2 tumor types was modest and could be
attributed, in part, to the fact that other studies did not
consider schwannomas of the spinal nerve roots,
which accounted for 38% of all clinically diagnosed
schwannomas in the current series. The typical pre-
senting symptoms of schwannomas, the average pa-
tient age at diagnosis, and the balanced ratio of inci-
dence in males and females were comparable to
observations reported in other studies of clinically
apparent schwannomas.13,30,31

In the current study cohort, there were 18 clini-
cally diagnosed pituitary adenomas, which translated
to a crude incidence rate of approximately 1 per
100,000 PYs, or approximately 10% of all intracranial
tumors. Although these estimates are somewhat lower
than in other Japanese populations, they are not
greatly dissimilar.12,13 The incidence of pituitary ade-
nomas, as expected, tended to be higher in females
than in males, in cohort members between ages 30 – 60
years, and the most common clinical symptom was
visual disturbance.32 The proportion of nonfunctional
adenomas among clinically diagnosed tumors in the
current series was larger than that reported in other
population based studies (55% vs. 25%32). However,
50% of all tumors could not be classified with certainty
because of inadequate staining or preservation of tis-
sue specimens.

Incidence of All Clinically Diagnosed Tumors by Age and
Calendar Period
When we combined all clinically diagnosed first pri-
mary tumors of the CNS and pituitary gland, the inci-
dence of tumors rose with age to a maximum among
individuals ages 50 – 64 years and then declined in the
elderly. This contrasts with the analysis that included
tumors that were diagnosed incidentally at autopsy,
for which incidence increased continuously with age
without any evidence of a downturn. A downturn in
incidence of clinically diagnosed primary brain and
CNS tumors with age has been reported in other pop-
ulation-based studies from different parts of the
world,25,26,33,34 including Japan,13 and usually has
been interpreted as evidence of under-ascertainment
of cases among the elderly. Approximately 92% of
tumors diagnosed at autopsy in the LSS cohort were in
individuals who were age � 50 years. This points to
probable under-ascertainment of cases among the el-
derly, at least during the era when CT was not widely
available. After 1976, the autopsy program largely was
discontinued, and this coincided with the introduc-
tion of CT into clinical practice.35,36

The incidence of each type of clinically diagnosed
first primary CNS and pituitary gland tumors in-
creased with calendar period, after taking into account
the effect of attained age, in contrast to the pattern for
all tumors, including those diagnosed at autopsy. This
increase closely paralleled the increase in incidence of
tumors diagnosed with use of new imaging techniques
(CT or MRI). The magnitude of increase over time
appeared to vary little by gender, age, or dose. Overall,
this suggests that the introduction of new imaging
techniques largely was responsible for the observed
increase in incidence. This appears more plausible
than an underlying rise in incidence of brain tumors
affecting different subgroups in a similar fashion, es-
pecially given little evidence for a birth-cohort effect.

A similar increase in incidence of all CNS tumors
combined was observed in many developed coun-
tries,25,26,37 including Japan,12 and is the subject of
ongoing debate concerning whether the higher rates
are artificial or are reflective of a true increase in
incidence.38 It has been argued that, in the U.S., the
increase in the incidence of CNS cancer among chil-
dren age �15 years39 and adults age � 70 years34 is
due mainly to advances in imaging technology and/or
more aggressive diagnosis among the elderly. In addi-
tion, there is a suggestion that incidence rates for CNS
cancer overall in the U.S. are leveling off in all age
groups, which would be expected after the introduc-
tion of new diagnostic techniques.33 However, the
data regarding epidemiology of benign CNS tumors

1652 CANCER October 1, 2004 / Volume 101 / Number 7



are not readily available in the U.S. before 1985,38 and
the rates for all CNS tumors combined (excluding
lymphomas) remained largely stable between 1985
and 1994.40 Unlike the majority of U.S. studies, studies
from Scandinavian countries considered both benign
and malignant CNS tumors and suggested an increase
in all age groups and both genders from the pre-CT
era through the 1990s.25,26,37 Similarly, a report of the
Brain Tumor Registry of Japan estimated that the in-
cidence rates of all primary brain tumors combined
increased approximately 3-fold from 1973 to 1993, but
that the pattern of increase differed by histologic sub-
type.12 Thus, the overall increase in incidence of clin-
ically diagnosed first primary tumors of the CNS and
pituitary gland observed in the current study is con-
sistent with other Japanese and Scandinavian reports
of the same period but is less consistent with reports
from the U.S. It is interesting to note that the dynam-
ics of CT and MRI spread in clinical practice in Japan
follows the U.S. pattern more closely,35,36 but the med-
ical system and accessibility to medical care are more
similar to those seen in Scandinavian countries.

The current analysis was based on data from a
large, well defined cohort with long follow-up, nearly
complete case ascertainment, a high rate of histologic
confirmation for both benign and malignant tumors,
and central pathology review at the end of the study,
resulting in standardized case definition throughout
the study period. We presented tumor-specific analy-
ses to permit comparisons of age and time trends for
different tumor types. However, these analyses were
based on small numbers of tumors; therefore, param-
eter estimates are somewhat imprecise. Therefore, we
focused more on the findings for all clinically diag-
nosed first primary CNS and pituitary gland tumors
combined.

The clinical and epidemiologic characteristics of
first primary tumors of the CNS and pituitary gland
diagnosed in the LSS cohort of atomic bomb survivors
largely were consistent with those observed in other
population-based studies in Japan. The predominance
of meningioma over neuroepithelial tumors in the
Japanese, compared with North American and Euro-
pean populations, is noteworthy and warrants further
exploration, and it may provide clues regarding the
etiology of these tumors. The overall incidence of clin-
ically diagnosed first primary CNS and pituitary gland
tumors was found to increase remarkably during the
study period. The increase was noted in males and
females and among all age groups and most likely is
attributable, in large part, to the increased use of CT
and MRI diagnostic imaging.
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